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In Situ EELS and TEM Observation of Al Implanted with Nitrogen Ions Kiichi Hojou(1), Shigemi Furuno(1), Tesuo Tsukamoto(2), Kouhei N. Kushita(1), Hitoshi Otsu (1) and Kazuhiko Izui (3) (1) Japan Atomic Energy Research Institute, Tokai-mura, Ibarabi-ken, 319-11, Japan (2) Origin Electric Co. Ltd., 1-18-1, Takada, Toshima-ku, Tokyo 171, Japan (3) Nagasaki Univ., Bunkyo-machi, Nagasaki-si, Nagasaki, 852, Japan (Received July 27,1994; accepted January 3,1995) Abstract. 2014 Formation processes of Aluminum nitride (AlN) in Aluminum (Al) implanted with nitrogen were examined by in situ EELS and TEM observations during nitrogen ion implantation in an electron microscope at room temperature and 400 ° C. AlN [2] and ion implantation [3] . In particular, ion implantation may be used as a low temperature and well-controlled technique for changing the surface properties of materials as well as for forming metastable alloys and chemical compounds [4] .
The synthesis of AlN performed by nitrogen implantation at room temperature or above has been reported by Pavlov et al. [3] and other various researchers [5, 6] . In contrast, Bykov et al. [7] were unable to detect AlN after nitrogen implantation at both low (-100 °C) and high (100 and 200 °C) temperatures. Furuno et al. [8] showed that no AlN crystallite was formed by 20 ke V nitrogen implantation below 150 °C. There are some differences among the results in the literatures about the formation of AlN after ion implantation.
The present paper reports the results of in-situ observation and analysis by parallel-electron energy loss spectrometer (P-EELS) about the formation of AlN during nitrogen molecule ion implantation into aluminum.
Experimental
Polycrystalline aluminum films with a thickness of about 100 nm were made in the following way: aluminum was deposited onto cleaved NaCI surface heated at 300 ° C under the vacuum of 1 x 10-6 Torr. They were then floated off on water and picked up on Ti grids. In-situ EELS analysis and transmission electron microscopic (TEM) observation during ion implantations were performed with a system consisting of a 400 kV TEM (JEM-4000FX; JEOL Ltd.) connected with two ion accelerators (TIB-40; Origin Electric Ltd.) and P-EELS (Model-666; Gatan Inc.) [9] . In [6] . The values agreed with those obtained in the present experiment. From these results, the film formed newly on the specimen can be identified to be AIN of hcp type, and the lattice parameters of this unit cell were determined as: a = 0.314 nm and c = 0.506 nm. Figure 2a shows the P-EELS spectrum obtained from unimplanted aluminum film. The two peaks at 15 eV and 30 eV are the first and second plasmon loss peaks of aluminum. Figures 2b to e show P-EELS spectra obtained after ion implantations to the fluence of 6 x 1020 to 2.4 x 1021 (N+)/m2. The observed peak (20.8 eV) in these spectra are clearly recognized as the plasmon loss peaks ofAIN formed in aluminum by comparing then with that of a standard AIN sample. In this experiment, the matrix and grain boundary were found to be thinned by physical sputtering. Figure 3a to d show the spectra of Nis measured by P-EELS as a function of the fluence of implanted nitrogen ions. These spectra were found to shift to the lower energy side with the increasing nitrogenion fluence. The observed Nis (396.4 eV) spectrum agreed with the binding energy of AIN [10, 11] , indicating that nitrogen was bound to aluminum in the form of AIN. The energy value of about 400 eV in the Nis spectra for the low fluence case, shown in Figure 3a , was recognized to correspond to the adsorbed nitrogen in aluminum, as proposed by Raole et al. [11] . However, the plasmon loss peak of A1203 (about 23 eV) and Ois spectra were not found in the spectra, as shown in Figures 2 and 3 . Table II, where dth. -values are quoted from Rauchenbach et al. [6] and in agreement with those obtained in the present experiment. From these results, the film newly formed on the specimen at 400 ° C can be identified to be AIN of hcp type, and the lattice parameters of this unit cell were determined to be that: a = 0.310 nm and c = 0.506 nm. In Figure 4c , the strong diffraction rings appeared at a fluence of about 1.8 
